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Description 

BACKGROUND OF THE INVENTION ' "** * 

1 . Field of invention 

roooil Thepreseht Invenlion'relalesjo a high-slrenglh stainless sLeel sheet, and particulaily.re ales to a high-strength 
Stainless steel sheet for civil engineering and construction structural materials. 

- sayO^OC-O 3Uiv'.ir--- MY^,:j:icqA n'S.) 

2. Description of Related Art 

[0002] Conventionally, as high-strength stainless steel sheets for structural nnatenats of which con-osion resistance 
is required, cold-fblled austenitic stainless "steel sheet's "oTmattensitic^taihles^^ been tempered 

and annea ed have been wide v used, ^ i . . ^ 

r00031 However, austenitic stainless steersheets have a low Young's modulus; which is disadvantageous when it 
comes to ensuring rigidity in structural design; Also, austenitic stainless steel sheets may exhibit structural defects 
because of the strains inti^S^Uced d^^ further, the costs of manulacturing'^at^^^^ steel 

sheets are high because apprdxfmafe^^^^^ of Nl, which is expensive, is used. Moreoverfrnartenslt'ic sfainless 

steel sheets exhibit poof ductility, and rharl^edly deteriorated worlcability, ^^^^ ^, . ^ 

100041 On the other hand, ferr'itic stainless steel sheets have good ductility, but exhibit a low strength. Attenripts have 
been made to iniproye the strength of femtic stainless steel sheets by cold-rolling to increase strength, but this method 
reduces ductiiity'bec^ Vntrodulit1oniif"rollin^ and there have been cases of fracturing at the tinne of 

[0005] An attempt has been^nade to deal with these problems by using a mixed structure of ferrite' and* martens ite, 
thereby establishing both high"'^trengtW an^'h^^ For example, Japanese Examined Patent Application Pub- 

lication No: 7-100822 (Japanese Unexamined Patent Application Publication Nor63-169334)-discloses a method for 
manufacturing a high^ductllity and^High'sfreFgth'^cfrr^^^^ strlp^'vMth^sfh'aliMn^^plalig*'ai^ In^tRis 

method, a steel slab containing 1 0.0% to 14.0% of Or, 3.0% or less of Ni, and 3.0% or less of Cu, and satisfying the 
following conditions: - i'^^ -z. -.-.s.r vd -"'"0 -"^ :J o , '"-.jri : i:s ':fM3 e.^ei.MBta :^n', ( ".r:| 

and 

Nl + (Mn + Cu)/3':ro.5 to 3.0 

The steel slab is subjected to hot rolling, then cold rolling two or more times, with intenriodiatc annealing therebetween 
and continuous finishing heat treatment, which consists in heating to a two-phase region temperature (a + y region) of 
ferrite + austenite, which Isjhe Acl point or higherbut 1J 00«*C or lower, and then oooHr^^ to 100^*0 at a cooling rate of 
1 to 500° C per second. I n v 

[0006] Also, Japanese Examlned^PatentApplication Publication No. 7-107178 (Japanese Unexamined Patent Ap- 
plication Publication No. 63-169331) discloses a methodiorjn^^^ strength chrome^stainless steel strip 
with supertD ductility. In this nietiTiod,.a steel slab containing 1 0.6% to 20.0% of'Cr, 4.0% or less of Ni," and 4.0% or less 
of Cu, and satisfying tHe following conditions:'" " ' 1 0 £ § 



.A 



— - — • - 

■.. t:4.N'=.0.01 to 020% 



I . U-t 



■■<::>..iM.-^ — — i tff^^—-^ —^O"**" C 



and 



Ni + (Mn + Cu)/3 = 0.5 to 5.0 - " 3 



« f 



The stainless steel strip is subjected to hot rolling, cold rolling one time without Intermediate annealing , and continuous 

finishing heat treatment, which consists. In heating to.a two-phase region temperature (a.+ 7 region) of ferrite + austenite, 
which Is the Acl point or higher but 1 , 1 0pr C or lower, and then cooling to 1 00**C at a cooling rate of 1 to 500°C per second. 
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[0007] ^» Further,' Japanese Examined Patent Application' Publication No: 8-14004 (Japanese Unexamined Patent Ap- 
plication Publication !Nio. 1 -1 72524) disclos'es»a method for manufacturing' a* htgh=strength chrome stainless steet strip 
with superb ductility. In this method, a steel slab containing 1 0.0% to 20.07o of Cr, 4.0% or less of Ni, and4.0% or less 
of Cu and more than 1 .0% but 2.5% or less of Mo, and satisfying the following conditions: 

:of?idO'iA 3':«-«r**2i<'.'-- 'oi^^.-)'*'.-* : '•niLTf*'' t^r^rtw rij'O • '3 vvsv/liai '-'9)rjr-.'>\":-vt?o(Tio;i,R CQloYoid^ot :.'-»70trrrio 

The st'ainless^steel strip is subjected to hot rolling, cold rolling and continuousjfinish'in'g heat treatmentl which consists 
in heating tb^a- two-phase* re'gion-terhperature;'{a + V region) of ferriteV aiistehitep which is the3Acl=polnt'or higher but 
1 ,100°C or lower, and then cooling to lOO^^C at a cooling rate of 1 to SOO^C per'siecond; '.jir 5:rj-t ; :i,'Mr r^-r 

[0008]3e^Als6Vconventlbnaliy,'ferritic stainless steel plates^such as SWS430? SUS430LX, etcv having -tS to 18°^^^ 
•have been used'fof- steel^sheeis' for'bicycle'rims, prirharily because ^of their good "corrosion -resistance;' Recehtlypthe 
trend is for'reduced' welghtin':bicycles,'1and there is a deman^ fbi". reduction in the^-thiclcn'ess of blcycle'Tim'srsofthere 
is' a'need to^furth€fP inriproveithe:strengthW'SUS430 (450^to 65G\ M Pa), ^fslomnally, bicycle f rims' -are 

manUfactUre'd^by b^ndirigia^steel sheet; overiapping^the:widthwlse-c^nter^and the widthwise* ends and'seam welding, 
theh~cutting to'a-predet¥rfn'ined1engthVfo^'r^ ririg shapejiand perfoming-flash butt welding at the'abutted c^^ 
as shown in a cross -section a! diagram (Fig. 5A) taken along line VB-VB. Accordingly, strength, toughness^Carid corrd- 
^sibh "resistahce'are5require1d'^at the^weld zones'.- ^-'J '-.^^ais ^li't s c* oiutworjon alaoido j si'v^^jinos oT p fOOj 
[0009]' yih:li'ghtof5Uchiproblertts, a'high-strength Cr-containingstainless steer.usedfor-bicycie^wheel'rims is proposed 
/ih,-forexample- Japanese Examined Patent Applbation Publication* No: '7-51-737 (Japanese Unexamiiied Patent^Ap- 
'plicatioh Publication Ndo 1 -55363), whe>ein the rchemicarcompositlon is adjusted'to-l 1 % to117%' of -Cr, 0:816.3.0% of . 
Ni, and 0.05 to 0.35% of Nb^ 0.05 to 0.8% of Cu, and satisfying the.following conditions^ rz^Ana as j^, / .o 



C + N<0:05% 



. • Nb/(C + N) = 2:5t6 7'^^' 



a CRE value of 5 to 20. 



[0010] This composition exhibits little material deterioration oven after welding two or more times, and exhibits a 
groof stress of 60 kgf/mm^ (588 MPa) or more In appjicatipn^o bicycle wheel rims. 

* [001 1 ] However, while the steel sheets (steel strips) described in Japanese Examined Patent Application Publication 
No. 7-100822 (Japanese Unexamined Patent Application Publication No. 63-169334), Japanese Examined Patent 
••Appllcatibn'^PLiblicatl6n'»No.s7-1 071 78-^( Japanese" Uinexamined Patent Application Pljblication -No~?j 63-1 69331 )i^ahd 
■ Japanese Examined Pateht^Appllcatiori Publication No. 8-1 4004^^( Japanese Unexamined Patent- Applcatlon PublicS*- 
tion No. 1 -55363) exhibit sufficient workability in ductility and press f omning. a problem remains in that sufficientbendmg 
* properties are ndt"6btain"ed,^ whiiih 1s\ah=important feature in -woricing rstiiictural materials/MbreoVer.nh'e toughness of 
'tlieWelding"'zdhesMs'*lnsiJffic1ent.jfi5^ncioo'5f'' -^i^ vjBirr ydo<^0:S nsm a-£9{ 35?myd ^lormo of r 0 bn's o^A 

[001 2] Also, while the steel sheets (steel strips) described In Japanese Examined Patent Application Publication' No. 
•^7^51737i{Jap'ari^'seUriexamined-Patent Application Pijblication No7l-55363)rJapaf)ese-Exaimirie^ 
-PUblicati6n^Nb?7-1'0OB22'(Uapahese.JJh Publication No763M69334)pJapanese^Exam 

'Patent^A'ppllcatidnPubliMtib^^ 63-169331), 
and Japa''nese Ex'amin'Sd Patent:Application Publication No: 8-1 4004,( Japanese Unexamined Patenf Application'^. Pub- 
lication No. 1-55363) each achieve a high enough strength to contribute to the reduction in the weight of bicycles. The 
process of manufacturing bicycle rims includes the essential^ process^o1[ punching holes for spokes through the seam 
weld zones as shown In Fig. 5A-5C, and rims manufactured using the stebl sheets (steel strips) manufactured with the 
techniques described In these four documents generally exhibit cracking at the seam welding zones at the time of 
punching the spoke holes. Thus, the techniciues described in these dpcurnents present problems regarding punching 
workability of the weld zones. 

[0013] On the other hand, cold-rolling austenlte stainless steels, such as SUS304, to Increase strength of bicycle 
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rims might be conceived, but it should be-noted that austenite.. stainless steels have .a low.:young's modulus,{ is.ye.ry 
disadvantageous regarding ^rim rigidity,: and; manufacturing costs;are .high^due. to the. use of 8%-byfrTiass or rno.rje, of 
expensive Ni:-^ • - --^s i. "•o/^...-: jr.' m:. yr-'^ .:;'vl^ ^ ::c - .: i ■t-oij.. .-iPA; 
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10 



15 



20 



25 



[0014] Accordingly, il is an object of the present invention Ib'solve the above-described problems, and provide a 
high-strength stainless steel sheet, with excellent bending workability and weld zone toughness, for civil engineering 
and construction stnjd;ural materials which require con-osion resistance. The high-strength stainless steel,. according 
to this invention, is also designed for vehicle-reinforcing weld structure materials such as pillars, beams, etc., suitably a 
employed for bicycles, automotive vehicles, railway vehicles, and so forth, which require corrosion resistance. An object 
of the present invention is also to provided a mefiiod for n^anufackiringHhe stainless steel sheet. 
[0015] It is another object of the present invention to provide a high-strength stainless steel sheet with superior 
corrosion resistance and workability regarding punching of welded 2ones,:which:>would be,:for:instance,:suitably:erh- 
ployed for vehicular^use/ such:as/fon bicycle wheel rims and so forth ;i for example] fandcalso to .provided a method for cr 
manufacturing the stainless steel sheet.- 



[0016]'::it:shou|dibe'noted that. with. regard- to. the presentvinvention, 'theitermr"high-strength"fstainless!.steel3sheet 
refers to stainless steel sheets- with tensile^strengthiOf about 730 to 1200=MF?a.'-;Tensile^strength of >730iMRaiexceeds 
the strength of5Conventional'SUS430:and;SUS430LX,.-and accordingly is. sufficiently *strong:to allow,ifor:;the'reduction 
of^:thetthk^kness of;blcycle rinnfs/( Also, tensile strength exceeding jl2Q0.^M Pa. provides->higherjstrength. as a-structure, 
butialso provides an Increaseiof the springirbackforcermaking bendingfat.the tlme-Qffomriing)therrimextremely,cliffk:ult. 
A. stainless ;steel sheetjor^bicycle .rims preferably exhiblts^a tensile strength? of :aboutt800iMRa'pand::more:prefera^ 
QOOjto^lOOQ.MParucf TjnoUa ■{l^nrc'^'^nrjA P-V -V -M^r-'t ^G'-^Bt ''A^ pi";^ ^TTr'.oB-^ 'f-rci-c^ea-a^oio s n<' nv^'or]^. 5j 
[001 7] To achieve these objects, according to a first aspect of the present invention; -achightstrengthistajnless steel 
sheet'.comprises::a composition 'including 0.02% bytinass or: less':of Gr1*0%^by masscorj less otSij-2.C^^^^ 
less of ;Mn,:„Q.04% by mass iorrless ot'P; O.'OWbyimass or lesst-of S;w0.t %iby:mass«or-less;;ot;AI, t1;,%-or(more by 
mass butJless than 1 7% by mass:of ;Gr,.0i5%:or more by mass butfless than 3vO%.byam£Bs otNi, and 0.02% by,rnass 
or less of N, so as to satisfy theiollowing equations (1) through.(4), jO 'o ./"H o o- 0 cji/ 



30 



12^Cr+Mo+1.5 Si<17 



(1) 



35 



40 



45 



50 



55 



1 SNl430(CH-N)+0.5(Mn^=Cu)S4 



Cr + 0.5 (Ni + Cu) + 3.3 Mo ^ 1 6.0 



(2) 



(3) 



■i ( 



5'nr iO^ftw oirvv/'id^'i 



, . . ^ 0.006 SC+N< 0.030 ' ' ' - ' (4) 

lof^fs^firit^^' na^^i^nc'cA !nots^ b&-' :'*r!^;x3 eaen^uri*.. r* r.- '.i'l^o ■ cq*T72 !esl5} aJ.soj<a ieom 0;*^! e/iriw v/ewH {? rOyj 

wherein, the'contents of.G,.NtSi, Mnv-Gr,~iyio,,Ni and Cu are in.;%;by^mass;: and the remaindercof thejalloy essentially 
consists of Fe and:a structure including 12; to 95% by volume of martensite^ and the remainder essentially consisting 
pf iferrite. -.rioit'ui: I'^c^t ^\ sman-is- JT^^ido-^r; g qninrot '^3 '.v^--^ 'Miii?o?*b ni vjilidsN-^owlr^foi^ivJ^ Ndinxs f>:3c:aa- ^ oi/^ noii 
[001 8] {ipThe composition /mayif urther comprise :pne or.both of .0 A %tor(more'by4.mass but less' than 2.OP/0 by mass of 
Mo. and 0.1 % or more by mass but less than 2.0% by mass of Cu. Also, the composition mayJurthercomprjsejD:00Q5% 
tO/0:Q050%-by mass^.o^B). j.naiR*^ b.^^-int.yd '^sc- ^r-; ^-.i. cn 03: iioasb f 3an!ri 'es^3| siss'^'-^ '^^^z 9rt1 sliriw o?.iA f^f OO] 
[001 9] - qMoreover> theTComposltion may.f urther comprise 0 ^5% or, nriore^by, mass^but iless, than. 2.Q%,by:,rnass;ofiMo 
and;0.0005% to.0;0050% by mass of B,' withithe range.tOf .G,*AI,;GPi!and{Nvbeing:furtherLrestricted.to,^ 
or less; of C, 0.10% by mass ort lessof Al,^11;.0%;or more by mass?butjessthan-15;0%'by mass'of 6rrand;tP;p2Q%^ 
mass'.or less. of N, and wlthjequatlons,(1) through (4) being replaced^by thejfollowing equations;(5);thrAugh,{8), oris 

2.0^Ni+30(C + N) + 0.5(Mn + Cu)^3.0 (6) 
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^c't^^-'^ ^-^ '^j'^^'mcii^iilL^'iPrf Sirica ».inti v'-nMi-r. : n toi.vi 'too ^.'-oi^eci^ 
JO 'o :-^i=>fn'.<d y.-'aO 0 i^'il ThlHOO ViV-'' . ' ' ;n--j..-i;br,cJn-'^' vntrJ<".^i*V5X0 ?t;cn3v j.^L^-^c'^rA 1,3*200] 

wherein, the conlenls of C, N, Si, Mn, Cr, Mo, Ni and Cu are in % by mass, and. wherein lhe'Slrucluresiricludesf20% 
by volume or more of martensite, and the remainder essentially consisting of ferrlte. Accordingly, the composition and 
the structure of the high-strength stainless steel sheet is designed for^xeel leht-corros ionCr ests^^ ^nd '15unchirfg 

10 workability of weld zones. 

. [0020]) tcAecording to various exemplary, ernbodiments; the composition rinayjcontain rcss^than; 0:04% by^.rfiassjbf; CiJ . . 
[0021 ] According to: various exefnplary ernbodiments the high-strengthJ stainless steel sheet rhay be for:rim nnaterial 
tO' be' used. foribicycliss^funiGycles^cartsi using' spoke wheels' ii ^ dm [r£CCJj 
[0022] According to various exemplary embodiments, the steel sheet may be a hot-rolled steel sheet; alnd the steel 

15 .sheet3rnayfbe#a'-cold-rolled^steel sheetyy noouo ^ u 'r^ii;>i i!» ^i{'Rnit'5nr»rt»Ho:? tneinsib ^/^oJensiaye --^fi r^i a ly'A [SttW] '-^ 
[0023] According to a second aspect of the present invention, with a manufacturing method for a high-strength stain- 
less steel sheetlUheirnateriaj ifor^stainless^steel sheets isi subjected .toifinishing?heat:tr§atnient by beingihbatpi'tcCa 
temperature within the range of 850 to 1250°C, and then cooled at a cooling rate of 1 "C/s or faster, the composition 
of the material includes: 0.02% by mass or less of C, 1 .0%ibyjnas^ 

20 by mass or less of P, 0.01% by mass or less of S, 0.1% by mass or less of Al, 11 % or more by mass but less than 
i17%lby(rhass"of:Cr{'0;5% orrhoi-e byrmass' but less than •3:0%' by mass ofiiNi/and?0';02%~by niass orlless'of N,^sd)§s 
-to satisfy the'followlng "equatipns-(i)ithi'ough*(4): ■■ '^'^ noi^ua svaii .;nfiniis o^^t?. <?.B\n'iH'^a -"''.'CnoTja-^riDiri to 

jjilitr^ub :7nif>ool lucrhw benistrio : ■ .. •^•'T'm QE\ ^3 lipneTie ^hpnal bne '9iu^cu5j3 

1^Ni+30{C+N)+0.5(Mn+Cu)<4 , \ ^ (2) 

30 . .j^s gnfbiiio x 

. ^ , 0.006 ^ C + N < 0.030 . . f4) 

.:. wherein' ther contentsfof/ C',sNr Si i'M n\ Grii Mo; Ni and Cu are in % by masssj baj =5^*^ w 7iiiiae>J-iCW qn*bn*&6 IGSOOI 
ri[0024]^l 'Thercompositlonvmay further include ^one or both of Or1.% or;more;by?mass?but less than!2.0%'!byrjmass»of 
oMovand.0.1 %tor morc.by mass* but loss=:than 2;0% by mass Gf:Gu.'=Also,-.thc:composition may further includo..0.O0G5% 
•"itp:0.'0050%i)y-mass ofB^i HQuoril eetBiolvsi'-at v r^- viiMri6><iow ^nibnef: 0 sb^iioxe f'A m O) :o Jnuorpis 

40 - [0025]: dvMpreover, the' connposition tmay f Orthef. include 0.5%f or :mofe^by mass^but- less .than- 2 fO%' by mass of >Mo rand 
vO"0005%?to*'0:0050%-by.nriasstof B,, with: the' range of C/AI, Cr,^andiN;-being?furtheh^restricted to:0.020%^by mass15r 
lessTof Cj^0.i10%''by 'mass orcjesscof Al,h11i.0%':or more by mass but less !than'15.0%'.by:mass^6f.Cr/and; 0-020% by 
mass or less of N, and with the equations (1) through (4) being replaced by the following equations (5) through' (8)ni 
iO ^. 4. 0] 0€ ^ '11} nioinv'upe lG:<r3in £nt t'O^ ^--^ • • ;jM ■^ iO) t-iol --'.'1^0-3 mijimcfHo sfi* ;:nilonjR.^^" [tti^Oj 

45 o 5jf^i-/one oJ£nao"«Gqfi pn'bubni oaiB bns .1 - c^^< -inorob ^p-u ^ohht "'ovonisn neve vnU\N. ot jO -^M') 

./iiritoub cniaooi juorijiw bo'iisuif ■;■ isf^'-vtii s^M 003 V .iiop^r.js oH^^rval r^Qiri Isrii one ,oiLn:''f'i?:i 
, ^ , V. .-.u 2.0<Ni+30{C+.N) + 0.5(Mn + Cu)<3.0 . , , ^ .(6) 

Cr+0.5Ni + 3.3Mo> 16.0^ , • (7) 

',PSjin Yd -vf ' oniwoOc^ ofit ni tb>1I be";an ^HU-y^-' ^ q^*q' <A KAV^^riO'mti'rni \no^^M:, srti \q 5in<-rriibj'^lf"f^& 'f^aiofr^ey'-A 
55 ^j-isir.u ^.^s\r )r3 '^T bootartebntj at ^"^t^ Dn»^'- - ''o ' \n'^^t^<fz. '^ineoion lis U^r^f 0 i 'n<^" vd vicma t:a-i3'5'fax3 sd !i:Sr^ -it 

wherein, the contents of C, N, Si, Mn, Cr, Mo, NI and Cu are in % by mass, wherein the material is subjected to a 
finishing heat treatment by being heated to a temperature within the range of 900 to 1200?C,^and then cooled at a 



r-1 
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cooling rate of S^'C/s or faster, and wherein the composition of the high-strength stainless steel sheet is designed for 
excellent con^osion resistance and punching workability of weid zonesT 

[0026] According to various exemplary embodiments, the composition may contain less than 0.04% by mass of Cu . 
[0027] According to various exemplary embodiments, the high-strength stainless steel sheet may be for rim material 
to be used for bicycles, unicycles, carts using spoke' wheels ^ tricycles, and wheelchairs. 

[0028] According to various exemplary embodiments, the sleei sheet may be a hol-rolled steel sheet, and the steel 
sheet .may be a cold-rolled steelrsheeU.^ . - : hi .i / ' * - w'. -M O M\ i ' ■ 7 'o . » in& i noc r iJ n: i ■ • • 

.BRIEEDESCRIPTION:OFTHE DRAWINGS ^ - «: ><.t p . rj;, i.^o^nirj. ijQr.t Icifi > i >: ^ujr.:ni;^. :p 

[0029]i':rFig/d is'agraph' illustrating the relation between bending workability.'.elongationrand the.amountof (GaCN); 
[0030]-* i-Fig.'2 is a photograph of the structure of a steel plate {No?'2-1) taken with^an optical microscope;' [ j-gOO] 
[0031] Fig. 3 Is an explanatory diagrarn-schematically illustrating a notch, position of a w.eld- heat- affected zone tough- 
ness testplecepna "V^^^ cj>lc . ioii V 'ou vi,/p • ■ • ;ir . r-icodfT^ v'-^Hi-Ji r^/'i 3u>'iifiv ot qivb tcocA [-ZSCO] 
[0032] Fig. 4 is an explanatory diagram schematically illustrating a punch working test-piece for a- seam we Id zone; 
anda filt.ic"; 'gir* 'i^* 'J' \ .jo. i.KBh: -•m. ■ . y^'^M-ivrt :rtV.Q«a c.il ^voosf bror^-i:* 'j/iib'ooo/i (.^lv:t?0.] 
[0033] rv Figs: 5A through SG are diagrams illustrating a.bicycle rim and the crossrsectional. shape: thereof .oc: ^ ^^oi 

DETAILED DESGRiPTION/QF PREFERRED EMBODIMENTS o i^-j o yd ,9^:^} 0 -obub-'i *-;ii£ifirr an^ o 

[0034]'^ YrThe^effectsiofvarioQg ^elements and structures dn'thastrength,bending,wor^ 

of high-strength stainless steel sheets, have been studied, and as a' result. of this study,'.the:fo|lowing was found? ac- 
cording to various exemplary embodiments: 

[0035] (1) Restricting the chrome equivalent (Cr + Mo + 1 .5Si) and the nickel equivalent (Ni + 30 (C + N) + 0.5 (Mn 
+ Cu) to within a predetemnined range allows the composition to 'be easily made into a martensite + ferrite mixed 
structure, and that high tensile strength of 730 MPa or higher can be obtained without loosing ductility. 
[1)036] (2) Bending workability markedly improves by adjusting the amount of C and N Included so that the (C + N) 
ainount is within an appropriate range. ^ 

[0037] (3) Weid zone toughness is markedly improved by reducing the amount of C and N contained and also in- 
cluding Ni. ^ ^ . . ■ . 

[0038] Fig. 1 illustrates the relationship between (C + N) arnount and beritJing workability, elongation, and martensite 
amount, with regard to a steel sheet (0.003 lo 0.025% ot C, 0.2% of Si, 0.2% of Mn, 0.02% of P, 0.003% of S, 0.003% 
of Al, 13% of Cr, 0.5% to 2.5% of NI, and 0.003%. to 0.025% of N.^whereln the amounts of C, N, and NI are adjusted 
such that the volume percentage of martensite is approximately 50%) air-cooled from a ferrite + austenile two-phase 
state (tt + Y region) at 1 000 to 110p*C, so as to yield a ferrite + martensite structure. 

[0039] Bending workability was tested using a cold-rolled steel sheet 1:.0' mm in'thickness, which .wastberit 1*80?; and 
the minimiiimTadius r (mm) where breakingcdid not occur was obtain ed.-eAlso, 'a tensile test was perfomned oh the same 
steel "stfeetito. measure lelongation,- thereby -•evaluating 'ductility.<'As''can 'be"seeh onJ Fig:j 1 ,'.from: the:pointCwhere:>the 
amount of (C + N) exceeds 0.03%, bending workability markedly deteriorates, though th'ere is' hardly- ariyXchange 
.observed in:ductility;Th~usf itcanibe.understo.od from Figr 1 that the (C^^^N) amountgreatly affects bending . workability. 
[0040]'f ylFh^^ffects olvarious eierhents:and structures'on the corrosion resistancaand weld zone punching workability 
have':atso''been studied;iand,as a result of this study, the following was^found, according to various.exemplary embod- 
iments;!ur.-,'-:i H\ ^r,ciij%0De nnjv^oi'of 9'it vd '-'-'^T ■ '^c'^'-u- -^louOTrit ■ ■] ?nc^r{!=.uDS sfit -'ivN bn.s I.'' *o -^ssl ^,?s,r' 
[0041] (4) Restricting the chromium equivalent (Cr + Mo + 1 .5Si) and the nickel equivalent (Ni + 30 (C + N) + 0.5 
(Mn + Cu] to within an even nan-ower range than described above in (1). and also including appropriate amounts of 
Mo and B, markedly improves quenching and allows the composition to be easily made into a martensite + ferrite mixed 
Structure, and that high tensile strength of 800 MPa or higher can be obtained without loosing ductility. 
[0042] (5) Adjusting the amount of Cr, Ni, and Mo contained so that {Cr+ 0.5 Ni + 3.3 Mo} reaches a predetermined 
value or greater markedly improves corrosion resistance of the parent matenal and punch hole sheanng face. 
[0043] (6) Setting the amount of Cr contained to less than 15% by mass and adjusting the amount of C and N 
contained so that (C + N) is within an approprjate range even narrower,than described above in (3) mari<:ediy improves 
the punching workability of the weld zones. 

[0044] First, the reason for restricting the.composition of the high-strength stainless steel sheet, according to various 
exemplary embodiments of the present Invention will be descriiDed^lt should be noted that in the f ollowing» "% by mass" 
will be expressed simply by "%", i.e., that all percentages in the. following are to be understood to be % by mass unless 
specifically stated otherwise. 

• Carbon: 0.02% or'iess - :^ -r - *; ■ • -r^M-.r-s j':r: :>ni:,;. v-*' ^ r^^j;-:'] -1 rn-'-'c;.**' 
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■[0045] •'/'Accdrdirig'itbVanou^'exemp^^^^ ari 'element'wfilch increases the' strength of the 

*^ste(5(':ahd is prefefably included at 0l005%"6rrndre In order to ensure'the desired strengtHPHoweVen^lricru^^ 
'•than o:020%''markedly-decrease^ duGt^ bending workability, arid weld zone toughnessfancJ p^aiiicu la Hy bete ri orates 
"bending workability and-puncHing'"'W6fkability of weld zories. 'Accordingly- darboh Is- restricted 0^02% 'or less"- with' tH'e . 
5 '-present in vehtldn.' It should be noted that fearbori should be O.oayaor less", o'r nibre preferably 6:015%''6? lessVfrbnni th'e 
perspective of bending workability and punching workability of weld -zones-' Ev(Bh"nriore'pre^ is O'.010% ~or lessi 
'^[004i5]n»Arsbf4orapi5licaiidhs^wh are required, 'Tuch 

as usage'for wheelislike bicycle rirns'br the like^ carbon should be 0.020%^br' less. or rhoVe'preferabiy''0.dl 5%'6r less, 
'Cfrom-the^Trspective bf-t)ehcllng w6rkability"ahcl pilmchihg wortcability'of^weld'z^^^^ preferable is 0:610% 

10 ?'or*'less'."*"il ''i''^'^* vtilidS/KcW •DmooQcj "=iilQ'^ ■'ot -'ivoi^'ioi 4 .-i-o t-^ ' iHrll aaf=ii ssnc . ':;1»^V7 v^i!ids>< KOW nnir orv^q ''>«te ^' 

^.dfX'sl'Jia V :m -i ;>srlf -,.^31 b.'-3 c*d:-iti-:*&'o 

• Silicon: 1 .0% or less 

[0047] According to various exemplary embodiments, silicon (Si) is an element which acts as an deoxidant, and also 
15 I'TtipYo^e^ the' strength' ofW^ steels Thesel effects are ftiarkedl^ Yeeogniz^^^ 'ISy lih'cludlhg' 0:05%'^Si:'6if -moTe^ However, 
' including'iTio'rethari^l .6%'Si hardehs'the^kteePsh'eets andreduces toughn"'ess\^Accbtdihgly;^^^ 
>t6 1.0%WlessTMdre preferable is 0:3°/J or'lessr-fo'r increasing toughness. "^^1' '^'^f ooU- '^"^-^g oi atf^^n 

- voocMarigahesel- 2.0% or less= •s.^'snb-^firi ^o-hse-o; , osihancio-". ic , *'j ^ nrnbi/Ion. ry-Gfi isi'sc st| nO rr« alrl' ci 
20 o ;onfii s ii -i{ciB''gi9"«a oioW oi^O Z nis.il ase* ^ud '3«nr^ ^3 0 cj aster 'je; -ii oin .,iO}Jn©vni ir.'^s&'Tq ni .vicri 

^[0048]^''' AcGofdihg to vaflou^^exemplaTy-e (Mnf is'thVilenfiifht^whicFgene^^ 

and with the present invention, 0.1 % or more is preferably included to generate 12 to 95% by volume of austeii'ite'at ■ 
the time of the finishing heat treatment, at the ferrite + austenite two-phase temperature region (a + y region) (approx-" 
imately 850 to 1250''C). However, including more than 2.0% Mn reduces the ductility and^cbfrbsion resistijic'ei''b^ the 
25 steel sheet. Accordingly, manganese has to be restricted to 2.0% or less, and more preferably to 0.5% or less for - * 

^tfuctinti^and'co'rfdsionf^iist'a^^^ -^'^ ''•=ico»:ir. .^.vr-^ibcdme r'^lqiTrexe cuCt^v oi pn.-b'i.ooA f3«001 

iaonfictjol ''■c>o\ blow \/imbub s-Jifiiono.^s:: 'rt/s^ joftuiCft! loootlin 'c -t-Mjoav;-. ^qiwI's !ud ncdv;- '^ijvv lo .-v 

■ ' •'•'"^''PhdsphliroOs: ■ 0:04%^6f less^^--"^^" -^i'"^^' '^'i-- ^"^0. 0 r ^ - g*-: 'LnjL .f f iSiL-*^: r yJ^Ii G:?.t;c ^(^it d !:in 
i 'n^i^sia aril v!c;!-i:^"'-Ooc-A .^snos biew 'r r;;t;i'-:irua a3^4^o.•t''5t; vib vi'u-jm oVOSO.O nBrj Ticm ;:n:. 

30 u [0049]^ AccbrairiVtoValibus exeniplaiy eifibbdlmehtspph^ is%ri elemehfwfilcH'f educi^^^^ 

s the' steep sheet.^and is ^largely fed uced^in^ various exemplaty enribodimerits of the^presentNhvehtibfisftoweVef^^ 

reduction of P requires a long time for dephosphorizing at the time of manufacturing the^steel.^wfilcBVaises'mafiLffac 
^turing'costsTAccbfdihglyrth upper 'limit 'for phosphorous in the preseMlnvehtipnis^ 0.04%!-^ duct1llty,r6:63% 
^' or- less-is' preferable.'"*^ -.sUf^ci j^O^O.O -h. ^- -o/i-. -Muo/in i-. ii ^irii -jjoyc'c o^iii- elesriw ni 92u 'its 

• Sulfur: 0.01 % or less -^'^^ ''O^ •^^d6^^^^5^a oiqiti 

[0050] According to various exemplary^mbb'dimehts- sulfur (S) is an elerrient which exisfe ih'the isteefas^'n ihcrusldh 
and generally reduces the corrosion resistance of the steel, and is preferably reduced as much as possible in the 
40 present invention Hbw¥verJ'dxcess!vWedudtlbn of S reqijifes a long time f bt desulf urizihg" at trte-tfme of mahufaSuring 

the steel, which raises manufacturing costs. Accordingly, the upper limit for sulfur in the present invention is 0.01 %. 
• •'Fbr-bettercbri'bsioh'^resistahceTb;005%'^ eir.3mG!-9» c'l^'-- viunebdvlorn iioa [9200] 

•ob- ) *i -.Qno'i bie»v ?o -aOBl ''}''^'Tiien.i ■r-iO''' .-r-jnur., :.jOi-,t^-T>' acircnry z^'ic-'^a'* -j' v-.i^-.-riror: .nufT-^bclAlo^r- ^'it? 

V- ?-7^iuftilhum: '0'.1'%''br''fess^" ''^ ^''^ " * '^un--'f:r:>v*rr -. ^.o ^ ?^t;s:i ; vtK .^t 

- [0051 ]^-'5 Aobordihg -tb Various^'exemplarV -embod^^ aluminum (Al) is ah' element whicK acts'^as'a cieoxidant and 
3 0;01^%''br'mbre is pi'eferably 'in^cluded,'but'ihc than 0.1% feis'ults in § significaht''generation^of m 

arid corrosion resistance-arid 'ducti^^^^ the present^hventibnT alUm^^^^ 0'-t% 

"or lessl^Fbr better ductility; 0.05%'oriess is'pfeferable. -s- '..c "ib**cooA ^e.-j^cl '.{itcpo^*3 ot sbtioi r^oiriw bsnipido 
50 ' [0052] "Also, for applicatibris where bdrrbsibn resistance and punching workability of weld zones are 'required, such ' 

as usage for wheels like bicycle rims or the like, aluminum should be 0.1% or less, more preferably' is 6; 10% or less, 
^and ev^h riTore preferably 0.05% or -les^vv Ofj-r'n^s.-i .r.^: c :n^{-'.-^ ^oiec-co -r- iiRoilacr ^^'^ c^iA [oaoo^ 

-v; ?.Chr6mlum"f-il-%'^6r'more-but'iess1^^^ • gnfouioni r;n^^i i&r^io crij nO .bcoulof eo :-r to^n 

[0053] '^'"According to varibuVexerhplary erhbbdiments, chromium (Cr) is "an ^elemerit^which'Mectively 'improves cor- 
rosion resistance, wHIch' is a'featufe'bf sta arid 1 1 % or more; preferably 1 1 .0% of 'riibfe of Cr heed to be 
Included to obtain sufficient corrosion resistance. On the other hand, excessive chromium may deteriorate the ductility 
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aridJoughnesSjpf the^steel^sheet/,so mcluding 17% or more Cr markedly deteriorates the bending workability. fijCcprfi- 
ingly, Iriithe present invention^ chroi:nium is restricted to 11% or more.but less than 1 7%.^AIsov 15.0%,or;more chromium 
.markedly deteripratesj the. punchin vyeld;2ones,~sp Jess than i15,p%isp^^^^ better 

^cprrosion^ resistance, chrpnimrTi Jncluded is; preferably 12.% oomore, more preferablyr.13j%,pr nripre,;iand fprLbetter 
5 punching wprkabi|ltyjpf the^wejd zones.-is preferably Jess thanjt^4.p%,.M.oreoyer,;for b^ettejcbendiogMwqrkabilJty.Jess 
than 15% is preferabiepand more pref.era^^ ariri-.nud tnn -.ow orwbi'^^.c cviio-»ari:2a 

[P054]- 1< Atso, for appncaUpns;(W};ier§.cprjpsipr:i. resislance and,p.unphing;vyorkabi!ity;Ptw^^^ 
as;,use.in wheels -like, bicycle ji or^thejike; chromiun;! should be, equal to.pr,mor.e than^i1J.0.%.;buttless;.than^^ 
. .Fp.r better.corrqsion Resistance, chromlunp.\ineluded,shpuld;,be j12^ preferably '13%.io_r. mqre,-.andjfor 

10 better punching workability of weld zones, less thanj 4.0%. Moreover, for better bending workability, less than-15% is 
preferable, and less than 14% ts more preferable. 

• Nickel: 0.5% or more but less than 3.0% 

15 [0055] - Accordirig to, various, exemplary ^rnbodinnents? nickel (Ni) is aDielernent which improves the,cofrpsjpn:resJst- ^j. 
-ance and toughness, of .weld zones-, andgeperates austenite.Jn the^presentjnyentiorirl 2to.95% byyolume.of austenite 
needs to be generated at the time of the finishing heat. treatnientv, with the ferrite.+ austenitejtwq-phasei temperature 
region (a + 7 region) (approximately 850 to 1250°C), for high strength, and 0.5% or more nickel is preferably included 
to this end. On the other hand, including 3.0% or moremarkedly increases hardness, and ductility decr6ases.::;Accord- 

20 ^ ingly, in the present invention, nickel is restricted to 0.5% or more but less than 3.0%. More preferable is a range of 
1,g?^^prmo^e,but^2^^ suffipiertiCorrpslon j^siste^^^ andJmproye,weld;zpne 

;tpughening;o e<r-u.ov /o of Z.i ^JBionv^^g •■• • '"ni n^c^^'^-^^q ?.> ^x:rfi -^r' - 0 nc'lf^cvni ine^e-^c er' -^n^f.- b^-s 

"i^^-^pfNitipgenhO.O^^pr.less;.,, "(Moub e^i] ;i«-;;r -'/t v^>: ^ roj;-; ^n,b'.!-)ni 'e^/swo-- 3 ^^)csr MGiBros 

[0056] According to various exemplary embodiments, nitrogen (N) is an element^whichfjnciieases: strengthiiof(the 
steel, as with carbon, but a large amount of nitrogen Included noarkedly deteriorates ductility, weld zone toughness, 
and bending workability. Partlcularty, including more than 0.02% markedly deteriorates bendlngworkabilJty,-and includ- 
ing more than 0.020% markedly deteriorates punching workability of the weld zones. Accordingly, in the present in- 

30 yerjtipn, jiitrpgeji^^is. rest^^ tpr0_,02%.or. less,, and preferably to. Q.p20%^or; tessj^Rpr better^bending jwprkabiljtycarjd jZ 
• ^unphing^wqrkability .pffWQl^ preferablei more^preferajple s 0:032%jorcless,vandjeyenjrT!pre 

'■ '-P[®i©i^bJe-.is,pv01p^^orJess.3Trit ynnufoBiL^nB-"?^ "'o •i.v-ij ^irii^^/.odasofioiio 'o^ '^.-••^h Dnoi s -•■^^liups"? "o nciioubsi 
[0057] ./.iAIspr fpr;applicatlpns yyhere. corrosion resistance and punching workabillty.pf vy.eld zpnescarei,rej:ju[r^d,-such 
as use in wheels like bicycle rims or the like,- nitrogen should be 0.020% or less. For belter bending workabJJUyi apd 

35 punching workability of weld zones, 0.015% or less should be included. More preferable is 0.012% or less, and even 
more preferable is 0.010% or less, s- ^^j ^ ;''^'" 0 kjtlue 

[0058] In various exemplary embodiments of the present invention, in addition to the above-described basic com- 
posrtiqn, one.pr both.of mpjybdenum and copper, and/or t>pr:on may, bejnclude.d.-r-exc iUOpRv c t Otirb^c A [O'^OCl 

^ d*nn5jQn^.o?;.J?otb 9^MP.^Xl^derlum:.0 Ji§i> of more but less .than. 2,0% and^Cppper>p7j.%,pr.more but lessjth.ap 2.0% o 

[0059] Both molybdenum and copper are elements which contrjbute>tp improyed^cpirosipn resistance,- and particu- 
larly, molybdenum contributes to improved corrosion resistance of the punch hole shearing face of weld zones. I n order 
to obtain such advantages, each of molybdenum and copper need to be included at 0.1% or more. K/loreoveri^0j5% or 
^ more molybdenuhi should be included to improve con'osion resistance of the punch hole shearing face of weld zones, --^ 
JduX cqppervdeteriprates the purichlng -workability of the weld zpnes.^iand^accpxdinglyothe.annpuntro^ shpuld:be ' 
. . less J:han 0. 04%, . On ithe other hand, including 2.0% Cu or more saturates ,the, abpvendescribed corrosjpn. resistance 
.advantages, and :vyprkabilityidete^^ 

obtained, which leads to economic losses. Accordingly, each of rpplybdenumjand.cppper,shpuld berrestrictedjtp Oj.l 
50 ,%^pr mpre-butless than 2.0%.. For better pp.nroslon resistanoe,?1,.p%.(Pri<mpre pfrmolybdeDunqLand; ,1 .Of/o-or nipce; of 

(^pper shpujd be.incjudjsd.a^o^'^ 'o .'^rc ''^ i K^rj-:-^^. ■'•'^h^^i'" ii-- ^df "^) ^r^:*'\ '5^^':oi-i 'j>ii '^i^^'^^'^.^i^ ^^oh^'j 
[0060] Also, for applications where corrosion resistance and punching workability of weld.zpnes are required, such 
as use in wheels like bicycle rims or the like, molybdenum is a crucial element, and 0.5% or more but less than 2.0% 
need to be included. On the other hand, including 2.0% or more molybdenum -saturates .the corrosion resistance ad- 
55 vantages and workability deteriorates instead, so the advantages corresponding to the amount included cannot be 
-obtained; Accordingly; molybdenum should be restricted,to Q.1:% or nnprebut less ,than:2:P%. .Qn the other hand- copper 
deteriorates the puriching workability. of the, weld zones,-and accordingly shpujd-be Iess:than-,0.p4%:r;v.: - . !;= y 
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• Boron:' 0.0005' to 0.0050%':3 1.*:iIooj;c ^t," . .i^ . • . .s- •■♦i- r-e sr.* \o£V 'b.ivv oji^jf :»„ir orjr 

"[0061]'^ According to various exemplary embodiments; minute amounts of boron-(B)iabt to Increase the. quenchability 
bf*the>steel-and^ Increase strength?:and-alsoj markedly iniprove the punching workability^of the weld zonesr Suchiad- 
5 'Vantages are observecl by inclu'dihg'0i0005%iB or more; However,* including more than 0.0050% causes the'corrosion 
'fesisrahceilo;deleri6rale.^Accordingly,'bdron is reslricled to the rangeJof-0.0005 l6i0;0G50%2 For impi^oving quenching, 
0.0010% or more Is preferablytjricluded'Jand for belter corrosiph:reslslance}=0:0030%'brrless)isTpreferable.n:vt1l 'tS^- 
[0062] PQ Also; for'applications' where corrosion ^resistance and punching workability, otweld'zones'-are required'stjch 
^•as' use :in' wheels' like bicycrecrimsrorthe^ like? boron is,a crucial'elementvf and.iO.QOOSitotOrOOSOr^Jneedito be included. 
10 • For-inlprbvihg^quehbhing: 0.00,1 0*6r moreils preferably included? and for.better:c6rrosion .resistan'ce-;:0.0030%'or-less 
- is'preferabl^.s-^*> nais^'iup'-i leMoin adJ bne if ^otJ.Tijpa') eonin b.:jfji"u:ieeb-^vodi3 -sriJ sbr^'^oxa inoirtviup-g Tiuirn 
. [0063]yThe 'compositi6n"''of'ithe3stainless^^steel sheet according to.: various: exemplary" embodiments; of the«prese'nt 
^'inVentioli satlsfies-the above-described'rahges of cbm'ponent elements.^and further includes the component elements 
so as to satisfy equations (1) through "(4)] :2 Ir'-t /• ^i^y-i in i -n brir^ ,ar oi l": )o ap''-^^' s <.'ftsi9teiq ai snaisviupo 

(■.-tfiLOi:' '"-i ■•"'liR^''''. , •.'•M-rrrr'iC!. 0 -^r . . - ^ . yv.-- ..^.'i' 'i'.'ii ent "o -.(."i '^i^yzkl e'--i -.i9*^dv,v cimj 'Vai-. 

^ 1 SNi + 30 (C+N) + 0.5 (Mn + Cu)S4 ^ ^, ^^p^. .. , , ... .^^^^^a) 

Cr + 0.5(Ni + Cu) + 3.3Mo^^16.p. p (3) 
0.006 < C + N < 0.030 * . (4) 



wherein, the contents of e, NpSi'<Mnl Gr, Mo, Nt and Cu are in % by mass.s^^o^ oi?::vio:i 3u!<?!v rjriT -jripni jo O.ar 
[0064p^'lt should be noted that in~ca|culatlng equatlons:(1) through (4)rMo and Curare.calcutated as'.being zero .when 
30 !!le"ss than"0vl%"=is included'''^ '^sriciri 'o 0 \ -q l f: - ' uO ^ ~ 0 ^ 'Oi scnHtCi^si '^oiaonoo ^eitsd 
[0065] Further, for applications where corrosion resistance^and punching :workabllityiof/:Weld^z6hes5arerrequired, 
'"'suehcasmse In wheets^like bicycle'irimsJbr.thejlikevthe composition of the. stain!ess-steel:sheet:accprdihgtothe present " 
- invention' saLisrie&equati6ns^(5)" through (B):f;' '^'' - v v ^-r- •: ^K-v.^'-tn ^o^ si-it* cri: 'o arm siovDid el soiiw ni nau 



.V9i 



14.0 S Cr+ Mo + 1.5 Si ^ 15.0 ... ^ _ , „.,,.^^,,.^ (5) 

onos :jtf.w vJ: • Jr.ji-^o ' ^nibnsd ff\n[i^!^ ^9i^} t uSuHiPp^) ^of ncimu'ptj. ni {'/I - 0} on I* i.^TcL^) " 

, , . Cr + 0.5.NL+3.3Mo> 16.0, . , , . ' „ (7) 

0.010 <C+N< 0.02 . (8) 

wherein, the contentsiof C; N,cSi;.MnrGr, Mo, NI and.Cu are ln^% by mass, ot ci';m .^^'0 o vidsrv.rno diorr' 
'.[0066]3ri'Accordinglyrtheireasons for^the restrictions J n each of-the-.equatibns^wilLbe.describedu lavosicM [STOO] 

50 -•JultEquation (1): 12SCr+Mo+1c5 Si:<t;17 5! ' -bt . -^.»' -. h^imsnop si firiirvv ^•i.^fTCtir:n" fc^?^ -vt ^u^"jn'';.3 
. -jV; io Equation (2): 1 <'Ni'+'30 {Cvf ■N):+:.0.5 (Mn-'+'Cu) ^ 4 :«''"'V otinet^ii tj ^'-'i '■ohG;Trroi^..-'.!4tt -no'J •?tifr:'9r '?rr! "o^i 
» Equation (5):^.14.0 <:Gr£+iMo-+'5l>i5<Sli<:3l5:0 * f-o>? v : -'jr-.^' . 'ono^la oonoT;jlnb oHrbrif: p.9^aoT;:-"i eJ-arisnf-rn 
s»J0t ^Equation (6) :.'2.0 S'Nl:+?30";(Cc+:N)H-:.0i5 (Mh -h Gu)^.© .^^ y!ilidn>:iow gntrJonuq enos blevv isJiod ilj- (axoo] 

^prr ^; ^ r.'^ Q • :rieisV3~o y.o(v* nev/e one .sasi 0*50 0 '.'Idf^e-^'^q eio-- 
55 1 [0067] itLin the present invention;«the;{Gn\+:Mo .5SI) in equation (If) (orjin equationr(5)) is defined as.chromium 
?!equlvalent; and the {Ni"* 30 (C'ff,N):+-:0:5 (i\/ln .+ Cu)} in Equation (2) (or in Equation (6)) Is defined asmlckel equivalent. 

[0068] Restricting the chromium equivalent and the. nickel equivalent to.that in equations'(1):and (2); and heating to 
'''Bihlgh' temperature (850 to 1250*'C):and-then cooling, yields a mixed s^ucturerof fenite whlchrhas excellent ductility 
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and martensite which is very strong, so the stainless steel sheet has both excellent ductility and high strengthr:. 
[0069] On the other hand, If the chromium equivalent is lower than the above-described range (equation (1)), or if 
the*nickel equivalent(exceeds.the:above-described range (equation (2)),'then the ratio of austenite at:thetime of-heatlng 
tojthe .highitemperature becom'esJoo.high. and as a result the amount'Of, -martensite; generated from: austenite trans- 

5 fomiation while cooling becomes. excessively large, and ductility. deteridratescAlso, if the.chromium equiv^alept exceeds 
the above-described rahgeV(e'qualion: (1)),.orjr Lhe nickel equivalent is below lheiEibpvevdescribe^d:ran9e:j(equaUpn 
(2)), then lhe ralloiqfesofl ferrile'becom'es excessively large, and* Ihe-slrenglhvdeleri^ jj -^lon o ov*»Oroo 0 

[0070J=^^i Further^ if the chromium equivalent is below the above-described range (equationXt)) and the nickel equivalent 
is below the above-described rangec(equation (2)),.then the austenite;is:transfonT»ed«to ferrite duringicooling.-and.as 

10 a result Kardienability.: deteriorates?. the amount of martensite -decreasesiand the strength dropsi'Moreoyery.if :t(:ie. chro- 
mium equivalent exceeds the above-described range (equation (1}) and the nickel equivalent exceedsr^^th^iabove-. 
described range (equation (2)), then residual austenitewhlch'hasilower; strength tis.generated;inst6ad of "martensite, 
and as a' resultthighcstrength^cannot 'be: obtained: From the:balance, between^strength and ductility.^ithe chrorpium 
equivalent is preferably in a range of 14 to 15, and the nickel equivalent 2 to.3/^quo jri ' r \ incffsup© viairfts ct ^t? o^. 

15 [0071] Further, for applications where corrosion resistance and punching workability of weld zones are required, 
sLich as use in wheels like bicycle rims or the like, the range of 14.0 to 15.0 for the chromium equivalent in equation 

(5) , and the range of 2.0 to 3.0 forthe nickel equivalent In equatioh^(6),'are preferable. It should be noted that in equation 

(6) , Cu Is calculated as being zero when "less than 0.1%" is included. Also, from the balance between strength and 
ductility, the chromium equivalent in equation (5) is preferably in the rangeJ4.2 to 14.6, and the nickel equivalent in 

20 Equation (6) in the range 2.2 to 2.8. '' '^'^ ^ " " ' ' ' 

. Equation (3): Cr + 0.5 (Ni + Cu) + 3.3 Mo ^16.0 
• ' Equation (7): Cr + 0.5 Ni + 3.3 Mo > 16.0 " ' 



25 [0072] The left side of Equation (3) {Cr + 0.5 (fsli> Cu) +,3.3 Mo} (or Equation (7), however, Cu is an unavoidable 
inclusion and accordingly is not included in the Equations)'is a factor relating to corrosion resistance, and with the 
present invention, the amounts of Cr, Ni, Cu, and Mo included are adjusted so that {Cr + 0.5 (Ni + Cu) + 3.3 Mo) is 
16.0 or higher. This yields corrosion resistance equal to ongreaterthan that. of SUS430 or SIJS430LX-, and furtherfthe 
corrosion resistance^of-theipunch .hble shearing face:of weid:-zones ls^markedly^improved.elt;shouid. be' noted, that^fpr 

30 better corrosion resistance, {Cr + 0.5 (Ni + Cu) + 3.3 Mo} is preferably 1 7.0 or higher. Also,':fori:>etter corrosion resist- 
ance? {eri+:iO:5iNi if''3:3vMo}vlsipreferab|y'1'7^^^^ s»^' -r'oi .oiaoroo ^lerfw ^no ^poMCCi^ zoA -ennu^ [thZOO] 

[0073] e^Alsb-rfor applicatlons^where corrosion' resistance and punchlngs workability>of weld zones- are requlredpsuch 
as use in wheels like bicycle rims or the like, for better corrosion resistance, the left slde^of>equation- (7)j{Cr-+; 0.5, Nii+ 
3.3 Mo} is preferably 16.0 or higher, and even more preferably, 17.0 or higher. 

V' Equation (4): 0.006 <C + N<0.030 *' '■ " = ' - 
• Equation (6): 0.010<C + N<0.02 

[0074] The {C + N} in equation (4) (or equation (8)) is a factor affecting strength, bending workability, weld zone 

40 toughness, and punching workability of the weld zones. In the present Invention, this is restricted to the range of 0.006 
to 0.030. If {C + N} is less than 0.006, then the strength of the martensite structure is too low, so even if a ferrite + 
martensite mixed structure is formed, high tensile sti-ength of 730 MPa or nriore cannot be realized. On the other hand, 
if {C + N} exceeds 0.030, then bending woricabiiity and weld zone toughness deteriorates maricediy. It is thought that 
the reasons is that when the amount of C and N included is great, the difference in hardness between the soft ferrite 

^5 and the hard martensite beconnes extremely large, siich that stress accumulates at the boundary thereof at the time 
of bending, and accordingly breakage occurs more easily. For higher strength, {C + N} should be 0 .01 0% or more, and 
more preferably 0.012 or more. Also, for better bending workability, {C h-'N}' should be 0.020 or/less-.co ^sdi r.seieHw 
[0075] Moreover, if^{Ci4-:N}^exce^dSx0.02? then weld zone punchlngiworkabillty maricediy tdeterioratesv/Therrea^on 
that weld zone punching workability deteriorates, according to various exemplary embodiments, Is that of the mixed 

50 structure of ferrite and martensite which is generated after welding, there is a great annouht of C^'ahd N'inrsolid:solutlon 
in the martensite from transfomnation of the austenite which-has.great sblid solubility of C'and N; so the strength of the 
martensite increases, and the difference in strength with the soft fer'rite' becomes excessively :iargei 8) noitBuo^ 
[0076] For better weld zone punching workability, {C + N) should be equal to orOmoTe than O.O1.O3but^0;O2 or less, 
more preferably 0.020 or less, and even more preferably 0.01 7 or less. : 

55 [0077] -p Also'.^for-applicationsjwhere'^^^^ resistance ahclpUnch irfg- workability ofweld zones are required^such 
as»use in wheels^lik'e^bicycle riifis'on.the:like> {C + N} in equation (8) should be-equal to or moreithan 0.01 G but 0.02 
.or, less- more preferably 0:020. orJess.iarid even more preferably 0;01 7.'or Jess: -rtj-'-T-.n' cnit:irA2<:>- 'ddOQ] 
[0078] nThestainless steel sheet, according to various exemplary embodirrients of the present-invention, is essentially 
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fbrmedof Iroh-'(Fe) In addltioh'm theiabove^described components! jThe: term -"essentially- formed 'of. Fe":meiansnh at 
impurities other than Fe are still unavoidablylnbluded/Also/upnb about-O^^^^^ 

■in^fromscrapirdn which ^is part-^of the materialf^but applications where icorroslon resistance 'and punching' workability 
of weld zones are requlred/such'as'use in wheels like bicycle-rlms or thejike; Gu as an unavoidable' Impurity is preferably 
5 kept-to-less than*0;b4%?1fJCu.teaches 0.04?/o''or more,*the martensilerexeessively:hard(Bns In the same way as In the 
case'whereHhe {G''+^N}i exe'eeds'0:02%f'lhereby de 

unavoidable impurities besides Cu include'snnall amounls (a'round:0:05%)"or alkali metals?^aikaline-earth melals'.f rarei 
•'earth-elementsrtransitl6n"'rhetals-;>and the'Jlike.'LSmall. amoiints^of-such -elements being included 'dp^hot:lnterfefe'Wit6 
the'advahta'ges of:-the-present1nV6htibriclrifany.^^^^ c-^ioeo' ojinfsfsuf- orU rioiriw is --luls^eof-nv^t rnioa c'm 

10 [0'079]:'OrTh^:stnIjctUre^r€«trictiohs''6f t^ stain less <steel shefet:'according tO'theVariousTexemplk^^ 

bodiments^o^the present invention areJdescribed below;-The' hIghVstrength stainle^ss^ste'ellsheetf^according-ito^the 
■present Invention; has a'mixed structurer.of martensite and remalnderof ferrite7-wherein'the'''niarterisiteris-equaHtd'or 
•m'ore'-thari J1 2f^' by^V6luhfi'e butfsq ual'to' or' lessnhah f95%; preferably' eq uaUto^ orl'essi than -SS^/o^and rn'ore^^ preferably 
20%Wmore^ bm'80%Jbr-:lessiilf4h*e-iniart^^ less than '12%*by-voiume-rductnity^ 

15 strengtii^with a tehsil'e^strengthrb^730^MPa or'more-becomes'-substantially-difncutttfil bnfs =:3.-G9iori \o tr,, frr-ir, 
[0080] oiOn the^'other/hahd, if martensiterexceeds 95% by volumeV strength:ofl:a^teh*sile'st^en"gth-of 730:MPat)n 
can" be obtalriedf'but'the:ratiof6fiferriter-which.tas-excellent duc^ low.^so'the^steel sheet losesfductillty,' and 

bindingfworkability deteriorateslLpor^applica^^ 

are required, such as use ih^^ whe^ls^like'bteycle rims or the like, martensite should be^ included'at 20%:by volumevor 
20 more/ preferably 50% ■o'rmbre^^and^iwh^ 85%^^or 'more- martenslte by; volume fnakes 

rbe'ndlhg.workabillty2ot16rTTiln'g:rte particular markedly^dlfficultr^il 9f-no«rniT abvotd ^ -111 -ii>^f^.« nj esu 

[008l]'bcA"preferredmanufactunng method 

■|sfdescrlb^'bel6wl<^ sa^i -lo s^b^t vd ;^?0^0 0 ol .o: rr>o: ej-.nji ooied bnf; u:- 'A Ok) s&nsi eol -Mw S ^o-aasri 
[D082JS AxJording to' various^exempiafy embodiments, material for. stainless steel sheets ^(hot-rolled steel sheets or 

25 cold-rolled steel sheets) Is subjected^tova^ fihishing^heat treatmeritrwhidh- consists 'in ibeing heated:to"'a; temperature 
within the range of 850 to 1250''C, preferably held at this temperature for 15 seconds or longer, and then cooled at a 
cooling rate of I^C/s or faster, preferably 5fC/s or faster. The nnaterlal^comp rises: the above-described component 
composition including 0.02% by mass or less of C, 1 .6% by rhass or less of Si, 2.0% by mass or less of Mn, 0.04% by 
mass or less of P, 0.01 % by mass or less of S, 0.1 % by mass or less of Al, 1 1 % by mass or more but less than 1 7% 

30 by mass of Cr. 0.5% or more by mass.but less than 3.0%, by mass of Ni, and 0.02% by mass or less of N, so as to 
satisfy the following equations (1) through (4), 

12<Cr+Mo + 1.5Si<^17. 

35 

3 ! 1 < Ml + .30 (C + N) + 0. < (Win" + Cu) < 4 (2) 



(1) 



45 -wherein, the'cbntents of G;rN,tSi'. Mn,'' Cr; Mo,-Ni and Cu are in % ty mass.-.J -^i^euv^ M ^oit beaqp. rtoiffomiry 
■The m'aterial may further'comprise^^^^^^ 

or^mdre by'mass "^butless thani 2:0%tby mass of Cu , and/or 0.0005% *to 0:0050%^by hnass- of ; B: wlth>.the^Vemainder 
^beingi Fe"aniJ Unavoidable inrtpu onuiib ^^firafsiiE moVi loijsnTic'.&nsij vd beleiansf) 

[0083] The obtained hot>roiled steel she^t or cold-rolled steel sheetHs'preferably'heatedcto a tennperature'lnUhe 

50 riange^ 6f<850;to'^1250*?e,cwhlch2is:the:fwtf-p^ regionySof^fenitelH^'-austenite} as finishing 

heatftreatmentVAccortfing to'various^ exemplary embodimentspthe= heat treatment atniosphere^ is^riot particularly^ re- 
•stricted'/and may be a-reducing bnoxidlzihg atmosphere. In the event that the heating temperature IS'lower than SSC^G- 
suff icieht<recfystalli2atipn«does^nol bccurir^ndfeven in^the event tbatithe heating temperature exceeds' the^Adlrtrans- 
fonliationVplbintVthe^transfomiatlon^speedlf^^ austenltei Is stow,"- and there' -may^be cases^where/sM^ 

55 martensite cannot be obtained following cooling. ^^^^^^^ istsia si 

[0084]:^''c'Also ^ih the event that the' heating temperature exceeds 1250°G7the" ratlo'of 6 ^ferrite- increases so the ratio 
of austenite*is ihsufficient; and'.the'127o or more by volume of martensite generated by transformationrfrom austehite 
during cooling cannot be ensured. Note that the two-phase structure^of'fejTlter + austenlte is :_stably obtained Inithe 
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temperature range.of 900 to.1200?C, and acx:ordingly is preferably , heated to this temperature range. Also, heating to 
QSO.^C.or higher is preferable in order to obtain a uniform structure with sufficient recrystallizationr-m 'r- ir -3fr.ti.r.r t 
[0085]- r. Also; the hot-rolled steel-sheettor . cold-rolled steel sheet is preferably maintained at the above heating .tem- 
perature for. 15 seconds.or longer. If the holding time Is less than,15 seconds, recrystallization may: be insufficient.' and 

5 transfonnationff rom f errlte to austenlte is also Insufficient, so the desired f errite +iaustenite tworphase structure cannot 
be oblainedvand sufficienl strength cannol be achieved. II should be noted thai from the perspective of produclivily of 
finishing heal trealmenl,ilhe„healing time: is preferably. ISO seconds on less:o;j! ;, , jO >unf::.jr: nri-:. ^i*;r-;riovoi!'j 
[D086]o'. According.tOtvariousLexemplary embodiments, this hot-rolled steel .sheet or.cold-;rolled steel. sheet-js . copied 
to the Ms point (the temperature at which the austenlte begins transfonnation .tormartenslteiduring'Coo|ing)tprclower, 

10 preferably 200*»C orlower,i as the coolingtstop temperature,- at a;cooling':j:ate of IfG/s.pr faster,- an drpref.erablyt5*».G/s 
or faster. After-reaching the.cooling-stop temperature, the cooling may^continue at that rate, down to. room tenriperature, 
but. there is.nojparticularneed for temperature control here, and, accordingly {the. sheet-may be, left- :tp; cool to-:rporn 
temperature,:At a slow rate .where- the average cooling rate, fromtheiheating temperature to?the:cooling-stop,temper- 
ature;(average cooling rate)} isislQwer.than VO/s, part of the austenitejis^ transformed: into femte-during cool ing.so the 

15 amount of ferrite increases, and the 12% by volume or.more of martensite generated by;transformation,from austenlte 
during cooling cannot be ensured; and consequently, the goal of-high strength cannot be achieved.^lnprderto ensure 
stable strength, a cooling rateioftS^G/s orfaster is preferable^ WhilethereMs no particular;upper limit set, for the cooling 
ratefrom the heating temperature, generally. lOO*' C/s or.slower is preferable; It.should be noted however? that. exces- 
slvelyifast cooling may;-result?ln:CQ0lingrin'egularities„ andunevenness qnthe.steelvSheet'.gp.u ^fj t^Lus be^i.ioe^ o - 

20 [D087] -;,For applicationsi.where con:oslo:n, resistance and punchlngiworkabillty of.weldvzones-are.requlredrjSuch.as 
use in wheels like bicycle rims or the like,:the- material for stainless steel sheets i{hot-rolled steelsheets.pr coldrrollpd 
steel^sheets) furtherincludes50:5.%;ormore.by.massbut less than 2:0%:by.mass of Mo:and 0;0005%'to.0.0050%^by 
mass of B, with the range of C, Al, Cr, and N, being further restricted to 0.020% by mass or less of G, 0.1 0%.by:mass 
or less of Al; 1:1 .Q%.by.mass30pmore butjess.than 15.0%. by mass of Cr,-andij0.020% by mass-pr,less^pf.:N, and:.with 

25 equatlons.(l) through (4) being replaced by^the following-equations (5) through:(8),-^:^ ^R'nyir^ o.'?. a:ilcT 

, . . 14.0 ^ Or I Mo 1 1.5 Si < 16.0 . . (5) 

■ ^ • 2.0^Ni + 30(C+N) + 0.5(Mn + Cu)^3.0 f"^^ (6) 



whcrtsin, the contents of G, N, Si, Mn, Cr, Mo, Nl and Gu arc in % by mass.J"hc material further includes 0.04% or loss 
40 oVgu as an unavoidable impurity, wherein "the materia! is siibfjected to finishing heat treatment and is heated to a 
temperature within the range of 900 to 1200'*G, preferably held at this temperature for 15 seconds or longer, and then 
cooled at a cooling rate of 5* C/s or faster. 

[0088] The reason why the finishing heat treatment terinperature is set to 900 to 1200*'G is that if the heating tem- 
perature is lower than SOO^'G, even if the heating temperature exceeds the Acl transf omnatlon point, then the trans- 

45 formation speed from ferrite to austenlte is slow, and the 20% by .volume, or more of martensite generated by transfor- 
mation from^ austenlte during cooling:cannot be obtained.- Also;- if the heating temperature exceeds 12001G?,ithen.the 
ratio; of i6.-f errite increases.-iso the^ratio^of austenlte becomes insufficient, and the 20% by, volume otmore of.martensite 
generated by transfonnation from austenlte duririg cooling cannot be achieved.: AlsOi:heating:tO\960fG: .orahigheoiis 
preferabtei in-order to obtaini50%:by .Yolumeor more of martensite.:' "o 'o'l.i^ I'^.- ts i-;.^i!o*i-iori bsniftho oriT [g^oo] 

50 [0089]>!> Thejeason^why.the cooling rate issetto5°G/s or faster is .that; ataslow rate where the average:cooling rate 
from the heating temperature to the cooling-stop temperature- (average, cooling rate) iSiSlowerrthan 5'G/s/the,amount 
of theiaustenite transfomied.:lnto ferrite during cooling increases ,'^and the 20%:by volume or.more.:ofzmartensite gen- 
erated from. the.^transfonnatlon;of$austenite during, cooling, cannotibe^achieved) and :consequently.'the^^goalcof;<high 
strength.cannotbeachieved;iWhilethereisno particuiarupper limit set forthecooilngrate/generally.;IOO'^.C/s or slower 

55 is preferable. ' qniloon oniw "'toi ->-!'ur-''.'J::. '-sd ^o^.rpsz 'jfrp.nsr.ri'''* 

[0090] ! According to various exemplary embodiments, the hot-rolled.stee! sheet or cold-rolled steel sheet is preferably 
subjected to acid. wash. The finishing .heat treatment is normally perfonned in a continuous annealing furnace for coils, 
and a batch annealing furnace for cutlength sheets. - ^: -.r* - ' : o'.' ^c-nei . "M>o,rj -yir"-^ 
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[0091] -'According to*various exemfDiaiV'embddiments; the hot-rolled 'steel sheet or cold-rolled steel shTaet mahufac- 
turefd this way' is^subjectefdrto'behdrng'-working and the like according to' the*^appllc;atiohItherebf ; and'ls'forrffgd into 
pipesypah els rand the like-. Tffearticles'thuS'formed are then used as, for example, vehicle-Velhf6fcirig--weid structure 
materials such as pillars, bands, beams, and the like, for railway vehicles, bicycles, automobiles, busses, bicycle' rims.' 
and the like. The welding method for this structural members is^riot particularly restricted • General'arc welding nrietho'di' 
such as MIG (melal-arc inert gas welding), MAG (melal-arc active gas^ welding)') eind TIG (gas* luri'gslen arcWelding'); 
spot welding, seam welding and olheVresisLance'weldlhg m^'th'ods^,^ high-frequency as'searri 
welding, and high-frequency induction can be perfonTied; vri;'rfi,:ri ovih t'vi bui; O'Oo) ^m.^; ' owl o\ ■...ijisa' f i"0<.r5*j 
[0092] According to various exemplary embodiments , the processes up to before the finishing heattreatment process 
may be conventional processes, and there is no particular restriction on these processes other than-prep^hngith'i^ 
components for the composition of the molten steel at the time of melting the steel. Methods generally employed for 
manufacturing marlensitic stainless steel sheets can be applied here withoufbhanget Preferred processes up to before 
the.finishing''Heat--treatment are'as'fdirows^d '0*^ " :j -? ,iniJO'=?-^ib cniilo-. nri) oi isl'c-^cq ?J -oacsiib isnibujig.ic! 

[0093] ^^FoKexampf^V a^steel-'converterd^^^ furnace or the like is Used-sorasi'tb^'meet the 'sc6p'e"'>of 'tffel3fese?ht 
invention, ngrib'Veconaary^r^^^ by VOD (Vacuuni''Oxygeh Beckmiiinzatlon)*Q3r^AOD^(A"rgon?dx^^ 

Dek:arburi7atibri)'so*as'to"pf6'dac'e the"stfeel?The produced steel can be'formed intVslabs with known casting methb'ds: 
From the perspective of productivity and quality, continuous casting Is preferably applied for slabs. A steel slab obtained 
by continuous casting is heated to 1000 to IZSO'^C, subjected to ordinary heat rolling conditions; such as being formed 
Into sheet bars 20 to 40 mm in thickness by reverse milling, and then fomned into hot-rolled steel sheets 1 .5 to 8.0 mm 
ilnithickness^fe^desli-ed'^by^.tan^^ hot-rblled'SteelfShe'ets^ i'S'tb B.OSfnm^ in^thickness'as desired 

:may^be forfried'with'th'esr^vehsrmlll tIdneP sheet is-s"Cibje6ied fo batich^'anrieallng^'at preferably BOO 

to goO'^e^as necessary, i^ari'd'de wash or the likerAlso7depenlding>on"the''applicatibrf th^^^^ 

rolled sheet is'*anhe'aled^aridIacid-wasHed,-then^subjected to cbld-rbllirig'to-fonti^bold-'fblleb'steel sheets''0v3 to 3.0-mm 
in thickness. If necessary, the cold-rblled steel sheets are subjected to ^continuous or' batch-a^^ 
850^G7and< acid' washl n'g i*"Fdhbetter^pr6dOctivity. the finishing - heat treatmehtiiadiording 'fo^the -present I hVentidrT is' 
preferably-can-ied'out for the^ hot-rolled 'or 6bld-rolied steel, -without' ahhealingc-or^aGid 'washif'^do of.j n^o^ " benistnc :5i-3 
[0094]"'oThe present inveritibn'is defs'cribedMri furt^ detaiLaccd'rding^tb'the exemprafy-emboldim -f^> 

EXAMPLES '"fT!0\L'i 02.3v soisv s rr-/. " ' •■■ i. .01101 sna^^ -mn^Oitn-.-Sf^-'f^fr.// 3t^J br.s ,c -:i£iL":iiEo 
Example^ V^i 'S'^jr^ieils- ^^sri-btew tni ♦fi*" *' ■ ; '"'''C"^'. 'o j^.^v ^ 'ear*?, ooin snt oulsv ertf as 

[0095]' 3Wlththe''hot-rolle'd staihless^fsteersheets of the composl^^ 1^rTabfe'2 as'mateflai; finisining 

heaivi^almenl 'prpcessihgMs'perfoniled'bV^a balch^anhealing Fumace^Shthe^cohditidnsi shdWri'in Tal5l^'3-'dr T4l5lev4< 
"andlthen washed wrthiacld-i^ThebbtalnedsteersheetSmm irithickn^^^ 

(2-)ttensile-testihgf (3) ''corrosion testi hg^ (4)'bend ihg testing ; and (5)' weld-heat-affected zone tblighWs's' festi hg? The 
testing is as follows. Note that -the"- hot^rblled steel sheet which is tlie materiarwas made-by he^ating*'a''i ob kgfHngd^^ 
steel of molten in a high-frequency furnace to 1 200°C, and finished by hot-rolling to a thickness of 3 mm by a reverse mill. 

(1 ) Metal Structure Observation • 

9r^t ,a^Q.^>^o^^J ni nrim t toeda --v beOo^vfon ' • - > -^t. ic:*:0? b9l'oi bl>':'j ''o -seif-o'ic^'q udT .{GOTO] 

[0O96]'-5 A^specirhen^(size?'t (sanie thickness) X 10 mm X 10 mm) -for rnetal'stmcture bbservatibhsis taken fronri tK^ 
obtained steel sheet, "a cross-sGctioharcut fa'ce parallel to the rolling direction is corroded with Mui-akanni-T^^ (alkali 
solution of red prussiate'(l O g-df- red<]^russiate, .10 g of ca pdta'sh.'alnti^lOO cc'^of water)) ;>the mlcrb^structure is 
obserVi^d using^an opfk^al mteroscope'at-l 000 -times, five flefds are taken of *€acH'^ thW structure'^ls^identified'and farther 
thei ar6a percentage^'of the'rhartensite'is d using an image analyzih'g'device,-with the'averageWthe^flve'fields 

as the volume percentage'of the^martehslte 'structure. :j ~- ^-^-^ !->9rs bsHcn-tori 3f{i- cs -=>Jv\' oo-^^h sdT .mm a r to t 
A8e b tPrt-jiuo anjo>ir/) pnibis-v 31 saentlpu.- - . - ■/^^ro9: ^of r,nib!-s^v sflj ^3f1i si^neiett'C ''H [TOTO] 
'(2)'^ehslle'Test<>''^39i? i fncii ^r* p\rr\^r'iU\ L v. i iu ::r. i ohk nin^V nm CCi* b l^-vin^ y»iib^i;vif / M- :q -osjioy 
oiQ^ ^i t^o">ot?vji ) "CV • ^i»v err-^iov vc -a*: s---. n Mritw^^iic ^iIl^-:*'** '^'^l Voiz '-y r\irr\\fnoi^\ 

;[0097]^^'Five JIS'No: 13 B-tensile test'spetirh'ens are taken from the obtained steelshe'et so that the tensile direction 
matches!.1heToliing direction,' tens td'tHe^stipulatibhs'of JIS Z 2241^^50" as^td obtain 

ithectehsile^strength^(TS) and eldngatibh* (E1)Hwhichwere.aveTaged?llovb!oo issH befmitnoo z\ 1* au-r - noM, ov od 01 

(3) Con-oslon Test 

[0098] Two corrosion specimens (size: t X 70 mm X 150 mm) are taken from the obtained steel sheet, and cyclic 
corrdsion'testing (also known as CCT) is performed under the following conditions with one fade thereof as the testih'g 
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tape^,Epl'pyylng.the;test,.ltie:specimen^ in concentrated citric acid:0.t60**.C to/emoye rust.-.the number 

of pojnts of rustpn theitestfaceiiSiCpunted visually,- and averaged.between:the:two;speQimensrtherebyvevaluati 
cp.crpston resistance ^okthersteel sheets.-iNlne or less;rust spotSj ijieans poiToslpn. resistance wjth, no. problems -J^^^ 
practical. use. <.33^ijfj ^iOJido^f^oruG -:i-r>fO{n .' y" ./ ' ■>< I -mi^^.'^c ^hnec s'r:;;;iq ^5 ri;_%,i j .^^^r, 

Gprrpsion^testlng condit|ons„:fjve._cycles of the, ,f olio wing cycle;.-- .7- 'nvj.oin ' ^\]'^iv S:.i'yr^3 ^nibKvw -rjri"^ ■^Ai> .'a 
[0p?9],v.Misling .Willi salLt^^ NaCLsolulion al35?C) fonlwo. hours, .:rjtt*-.w sci.. v^-j-tHjc-iTii C-/) - i^:^' • 

[P{1pp]^L, drylngjQr;fpurrhour5!(60*^^Q;and:relalive humidlly of,30% ordower)r;and>dtc a 'jpk.; . r;A--r; «v;ti^ ,7 1 -r, , 
[0101] wetting for two hours (50*^0 and relative humidity of>95%):;o<.i nao r oit^ijbni Y-'"3tjpcv -'~- oir; .-■ ■ri -'.ii ■ 

(4) :B.eACljngllBStrl! •n-Avj 3.i;,<3,?,3::0!q o^^orli no 'O^zn:--.-. !'-Lr:ni'i:a on «i c^nGdJ hns eeBaeooiq is^oitnovrcc od vh;T 
brByoiqni;^ v'th.-rej go iDcr'^'-M ,eet^- Si^: om - jct' «)f<i v noitisoorr-ro ed; -^ol 3<n r/ncomvTj 

[0102] iThree specimens (size-: t'X;25:rnm wideX'70 mm long) are taken frorn the obtained: steel sheet such :th at the 
longitudinal direction is parallel to the rolling direction, subjected to 180° bending, with an innen radius, of 0; 75; rnm, 1.5 
mmK2.0.mm.;ancL3.:.0^,nrirn.-, .following ,v»ihich.;the outer, side of .the^bend,is.-pbseryed/wjth a:magnjfying,g[ass~to insp^t 
of-cracks,- and;the minimum bending;|nner radius (mm) with no cracklng.occurring is-obtained.cSmallest'ibendlng inner 
radius of less than t (e.g., less than 3,0 mm In-the event that t =:3.0) means bending workabllity^sufficient for practical. use. 

(5) -WeldrHeatrAffectedZpne,Tpughness;;ie^ :^ ■^ .rM.'n.^ . '0^^:ir 0<^or -^i beiri^'-' Di^^.n:. iLou- 'i/jc- ya 

[0103]: ;iXwp.specimensT(sl2e:£l X:1i50 mmMciejX:300.mm tong) aretaken^frorn thejobtainedrsteeUheetforfabricating 
joints rabutted^wrth-eachfOthe,^^ of;the sheetSilnthe/thJckness^idirectiont^thereofiparallel 

direction facerone anpther^candiweldedctogether so as to fonn a welded ;jpJnt';byMlG=welding.tJhe;conditio^ for. MIG 
welding herejare^ JIS Y3P_8r.fpr.^he iwirerelectric cun^ent of 1 50A?!ypltage{pfDl9VvsWe|ding:Sf:ieed<of :9:mrrif^ 
gas:of;Argonc;ipO,;percent ;by vplurne..at a;f)ow*of 2QJ^ and root -gapj.of Itmm.oicc edt \ns?isaosn 'i ra9^;;^c•i^1^ n\ 
[01 04]tQ^Fiye; JJS32:2202-Np. 4:subTSize JQharpy impact testing specirnens^sizeicl p^mm; thiqki X>tiWide 5.5' mm Ipng) 
are obtained from the obtained.welded jojnt by,machining such;that the tongitudinalidirectlon of the specimensjs parallel 
to the widthcdjr^tion:Pf,thejstee! sheet. 'A\not^^^ is fomried at,a heat7affBcted.ioAej1>mnri trpmithe^binding poitionva 
shown in Fig. 3, Testing Is performed confonning to the stipulations of JIS Z 2242 at -50°C, the absorption energy is 
calculated, and the weld-heat-affected zone toughness is evaluated from a value VE.5Q (J/cm^) obtained; by '^dlyjdlng 
the absorption energy value by the original section area of the notch base. The average of the five specimens is taken 
as the value for the steel sheet. A vE.50 of 40 J/cm^ or more means that the weld-heat-affected zone toughijess- is 
sufficient for practical use. - 

[0tp5]',rr The.^results pf^the tests areiShown-an Table 3 'and'Jabje.:4..?Each pfitb^.exampjes.i^^ RCe^ent 
Inventionhaye^iliigh tensile:slrength:or.730 MRa.or higher, exceilenl:Con'osion^.resisLance, andie:«cceiienL bendingiwprk- 
abjlfty andjtf^eldjheatraffectedrzonertoug^ the other hapd;::Withrtbe^(^mparatiye^examplesjwhich'iareioutslde 

the rangeof the-present Invention, .either the.tensile strength is less than5730 Mga,}Conx>slonTeslstance.is; deteriorated, 
bending-w.orkabilitjf.isjdetenoratedi pr.we|d-heat-aff.ected zone^toughness.isxdeterioxate.d:'} siot/l -jwollot pri^a-s: 

Example 2 

[0106] The properties of cold-rolled steel sheets are inspected. A hot-rolled steel sheet 3 mm in thickness, of the 
steel-[Vlo..1K in Table pi. 'frpnri:the^Example--1-is subjected to annealing pkbelngheldrat 700?G forjf10:hourB andvthen 
gradually coioledi:and fJescaled.with acid.wa$h.The;hot^rolled anneale.d:sheet l_Sirolled)With ajeyerse mjll by cpld rolling 
to a thicknessi0fn1.5 mm;;:subjeGted.to^finishing heat tneatment of being b.eld.ati1ppO?C:for 30»seconds,^and then.co.oled 
tp .a .copling:Stpp^temperature pfr100?G^^^ a rate of IS** C/s, and jdescaled by4lmmerslon'in .a:605G mJxed add (1,0% 
i5yimasSiOtn}triC',acldi+,3%'by mass.ofiliy^drojluoric acid), therebyLObtainjngjajcpldTrolled steehsheetwith^ajhickness- 
t of 1 .5 mm. The same tests as the hot-rolled steel sheet in Examplejjareiperfpmriednn this^exapriple:. s.-nulov -yrv. : 
[01 07] The only difference is that the welding for testing weld zone toughness is TIG welding (electhc cun^ent of 95A, 
voltage of 11 v, welding speed of 400 mm/min, and flow of shield gas of 20 liters/min for front (electrode)"Siderand:.i p 
llters/min for rear side. The results show that the martensite percentage by volume was 73%, OCT rust count is zero, 
smallest Inner bending radius3is,0.:75;mm ('1/2t, i.e., half of the sheet:thickness3t).. Tensile:Strength^Js^9.7^^^ 
breaXing ejpngatjoaisl 0%. WeJdcheat-affected.zonet 

to be 70 J/cm^. Thus, it is confimied that cold-rolled steel sheets have apprpxlmately the same:prope,rties^asjhpt-rplled 
steel sheets. 

• • . :aeT '0^80 -v^O 'c; 

Example 3 

[0108] r.- Finishing ;heat:treatment;with,abatch annealing furnace underthe conditions shown in Tabje Zand Table 8 
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is'performed 6n[ stainless cold-rolled steel sheets of the composition shown in Table 5'and Table 6;''and washed with 
acid. The obtained steel sheet having thibkness t of 0.7 mm is'subjected to^the (1 ) nietal structure^ observatibnf (2), 
tensile test, and (3) corrosion test, as with the Example 1 . The cold-rolled steel sheet used as the material is manu- 
factured by heating a 1 00 kgf ingot of steel of the composition shown in Table 5 and Table 6 molten in a high-frequency 
5 furnace to taoo^C, finished to 3 mm thickness by hot rolling with a reverse mill, subjected to annealing of being held 
at ZOO^'C for 10 hours and then gradually cooled, descaled with acid washing, and then Lhe hol-rolled annealed sheet 
Is rolled by cold-rolling with a reverse mill lo a Ihickness of 0.7 mm. 

[0109] Fig. 2 shows a structure photograph taken with an optical microscope of the steel sheet No. 2-1 (Table 7), as 
an example of the (1) metal structure observation results. The black portions are the ferrrte structure,. and white portions 
10 are the martensite structure. The volume percentage of martenslte structure In this view is 73%. 
[01 1 0] The results are shown in Table 7 and Table 8. 

[0111] Further, two seam weld zone punching workability specimens shown in Fig. 4, assuming a bicycle rim such 
as shown in Figs. 5A through 5C, each t X 50 mm wide X 300 mm long are taken from the obtained cold-rolled steel 
sheet, the two were overlaid, and subjected to seam welding in the lengthwise direction with an automatic seam welder, 

15 under welding conditions of electrode width of 6 mm, welding speed of 1 20 cm/min, application pressure of 3 kN, and 
welding electric current of 8 kA. Five holes, 4 mm in diameter are punched at 50 mm intervals from the edge of the 
obtained welded piece along the middle, assuming bicycle spoke holes. After punching, cracks are inspected for around 
all holes at a naagnification of 10 times with a magnifying glass. Also, the specimens following breaking observation 
are then subjected to corrosion testing In the same may as with (3), and whether or not rust at the hole portions (punch 

20 shearing faces) was observed by eye. While this seam weld tone punching workability test is speclficaliy perfomned 
.with application to steel sheets for bicycle rims In mind as shown in Fig. 5, application may be made to other usages 
in the same manner. 

[0112] The obtained results are also given in Table 7 and Table 8. 

[01 1 3] Each of the examples of the present Invention satisfying the suitable range for applications requiring corrosion 
25 resistance and weld zone punching .workability, application to wheels for example, have high tensile strength of 800 
MPa or higher, excellent corrosion resistance, no cracks are observed in punching of the weld zones, and the hole 
faces of the punch holes have excellent corrosion resistance. On the other hand, examples of the present invention 
outside of the suitable range (indicated by being In brackets Q) for applications requiring corrosion resistance and weld 
zone punching workability, application to wheels for example, either have a tensile strength of less than 800 f^Pa, 
30- exhibit some deterioration in punching workability of the weld zones, or exhibit some deterioration in the corrosion 
resistance of the punch hole portions. 

Example 4 

55 [01 1 4] The properties of hot-rolled steel sheets are also inspected. The hot-rolled steel No. A In Table 5 from Example 
3 Is subjected to finishing heat treatment of being held at 1000"C for 30 seconds and then cooled to a cooling stop 
temperature of 100^*0 at a rate of SO^'C/s, and descaled by immersion in a SO^C mixed acid (15% by mass of nitric acid 
•f 5% by mass of hydrofluoric acid), thereby obtaining a hot-rolled steel sheet with a thickness t of 2.0 mm. 
[01 1 5] The hot-rolled steel sheet used as the material is manufactured by heating a 1 00 kgf Ingot of steel of the steel 

40. No. A composition, shown in Table 3, molten in a high-frequency furnace to 1206''C, finished to 2.0 mm thickness by 
hot rolling with a reverse mill. The sheet is subjected to the same tests as the cold-rolled steel sheet In Example 3. 
[01 16] The obtained hot-rotled steel sheet is subjected to the (1 ) metal structure observation. (2), tensile test, and 
(3) corrosion test. Further, two seam weld zone punching workability specimens, each t X 50 mm wide X 300 mm long, . 
are taken from the obtained hot-rolled steel sheet, the two are overlaid, and subjected to seam welding in the lengthwise 

^ direction with an automatic seam welder, under welding conditions of electrode width of 6 mm, welding speed of 1 00 
cm/min, application pressure of 7 kN, and welding electric current of 12 kA. Five holes, 4 mm in diameter are punched 
at 50 mm intervals from the edge of the obtained welded piece along the middle, assuming bicycle spoke holes. After 
punching, cracks are inspected for around all holes at a magnification of 10 times using a magnifying glass. Also, the 
specimens following breaking observation are then subjected to corrosion testing In the same way as with (3), and 

50 whether or not rust at the hole portions (punch shearing faces) was observed by eye. 

[0117] As a result, the volume percentage of martensite structure is 75%, and the CCT rust count Is zero. Tensile 
strength is 920 MPa, and breaking elongation is 12%. No cracks are observed in punching of the weld zones, and the 
hole faces of the punch holes have excellent con^osion resistance. Hot-rolled steel sheets thus have approximately the 
same properties as cold-rolled steel sheets. 

55 [01 18] According to the present invention, high-strength stainless steel sheets with high tensile strength of 730 MPa 
or higher, and excellent corrosion resistance, bending workabillty. and weld zone toughness, and further high-strength 
stainless-steel sheets with excellent weld zone punching workability, can be provided easily and inexpensively, thus 
yielding marked industrial advantages. The high-strength stainless steel sheets according to the present invention can 
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Claims 

1. A high-strength stainless steel sheet, comprising: 



t _ * b 



5 a composition including 

0.02% by mass or less of C, 

I , 0% by mass or less of SI, . 
2.07o by mass or less of Mn, 

0.04% by mass or less of P, 

10 0.01% by mass or less of S, -'-f-^^^' ' "^ t'' -^l " 'r • 'cr»S ' -1 5Vi |<J 0 •?.nf,-n.-j'j •\jiT ;:".{-3fi ; ot 

0.1% by nnass or less of A!, ')b»;ia--' •^txrou'^s t:''f-:5 -tioir- ^.»v njrn 

11% by mass or more but less than 17% by mass of Cr, -n -f-sr' m '^icr-^ - -r-iijov .^-r;-: 
0.5% by mass or more but less than 3.0% by mass of Ni.'and " -Snt .r: «r er^ , 

u:»j>f">-.ocoi02%^by mass 6f-;less of NP''i2 ^olrM'^ty ^'*t:r.'';"'- 'i. n;- !*! jot^ivo:-' ?; > ni i ,r!w c.-.i:, 

so as to satisfy the following equations (1 ) through (4), 

1 SNi+30(C+N)+0.6(Mn+Cu)<4 (2) 

Or-jrt;; ^Of^IP D'^tlf,: ' 

25 Cr+ 0.5 (NI+Cu)+33 Mo ^ 1 6.0 (3) 

0.006 ^ C + N < 0.030 (4) 

30 -olooo wherein, Me'cbhtentS'Of Gr-^^^^ Cr, MO', Ni and Cu are'ih'%^by'niass:, JneniifiSJi Js-^rt gnin?inil ot 

and the remainder essentially consisting of F6; and:a'structure-'including-12 to volume of martensite, 

■ and the remainder essentially consisting of ferrite. 

2. The high-strength stainless steel sheet accorcling to Claim 1 , wherein said composition further comprises at least 

35 one of: 0 'o- -♦o ^z&m vd of SO.O 

'- '.vl :> ass-"} ^fp o"0. f 

0.1% by mass or more but less than 2.0% by mass of Mo, and -^^^^ -c -0 -^^'T' vc .;:'0.S 
0.1% by mass or more but loss than 2.0% by mass of Cu. ^ %<3i "'o ^«^.f^m .■°i^0 0 

40 3. The high-strength stainless steel sheet according to any one of claims 1- or 2 wherein said corhposltion further 

comprises: - ^^!=r^' *c' ^' n.=ifli 'S-^l ?ucl 9v.r^*'c ?-:Rm yd ai^'^t 

0.0005% to 0.0050% by mass of B. . ^ ' '> ' -JSJ^i^ "J -.^"^0 > 

45 4. The high-strength stainless steel sheet according tbXIairh 1 , wherein said compositlori'further comprises: 

0.5% by mass or more but less than 2.0% by mass. of Mo and 

. ' ) ' f vrr. c ' -Oft.';-! u *i « 

0.0005% to 0.0050% by mass Of B, 
with the range of C, Ai, Cr, and being further restricted to 

so . 0.020% by mass or less of,C, ^ . n , 

. 0.1 0% by mass or less of Al, 

II . 0% by mass or more but less than 15.0% by mass of Cr, and 
0.020% by mass or less of N,.,^ ^ , ^ . . 



55 and with said equations (1) through (4) being replaced by the following equations (5) through (B), 

14.0^Cr+Mo+1.5SI ^ 15.0 (5) 
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2.0< Ni+ 30 (C + N) + 0.5 (Mn + Cu) < 3.0 



(6) 



(7) 



(8) 



Cr+0.5 (NI+Cu)+33 Mo > 1 6.0 

0.010< C+N S 0.02 • 

wherein, the contents of C, N, Si, Mn, Cr, Mo, Ni and Cu are in % by mass, a ro sssi sst-nn yd ^v'' ■ c 0 
and wherein said structure includes ,A b tP.^J o ^.sr^n .U -.N^f 0 

20% by volume or more of martenslte, o vmrr' ;d r^rit n.;d 9-^0:?^ ' " ^?fs?r -rj .'^.rr 

and the remainder essentially consisting of ferriteia: ./(j ./^o.:;. rt£,i i; tud 910*-^ '>'i{=rr: 'fd 0 
and wherein the composition of said high-strength stainless steel sheet |s designed , for excelLent; corrosion 

resistance and punching workability of weld zones. 



5. The high-strength stainless steel sheet according to Claim 4, containing less than 0.04% by mass of Cu. 

6. * The high-strength stainless steel sheet accordingio any 'bneof Claims 4 or 5, wherein said steel sheet is a high- 

strength stainless steel sheet for rim material to be used for bicycles, unlcycles, carts using spoke wheels, tricycles, 
and wheelchairs. 

7. The high-strength stainless steel sheet according to any one of Claims 1 to 5, wherein said steel sheet is a hot- 
rolled steel sheet. 



8. The high-strength stainless steel sheet according to any one of Claims 1 to 6, wherein said steel sheet Is a cold- 
rolled steel sheet. 



00 0 



9. A manufacturing method for a high-strength stainless steel sheet, material for stainless steel sheets is subjected 
to finishing heat treatment ofsb^eing^heatedito a:temperature wIthin/a range of'BSjO. to r1250r.e aRdcthen cooled at 
iigra cooling rate I of tTjC/siorfastenrsaid'.^ '0 qr^'tc^af!':') ^sDnismei sdj bpfi 

a composition including: 

0.02% by mass or less of C, o src 

1 .0% by mass or less of SI, 

2.0% by mass or less of Mn, ^^^i-^ '0 nsfl' ^ao^ iuo y-r^vi 0 ' 



0.04% by mass or less of P, -ithrr^ ?o > nBrt; ^so' ard r^om ^rom " j 0 

0.01 % by mass or less of S, 
'•siir-iu; :ioirt3«-0i:1i% byrmass-orvless of;AI.?fT;i!;!rj*o onr ••nr^ ornb^o-^os ^eor^-. *<>-5js ^^^efo-ii^Ja ri.;-.-' -^rtT 
11 % by mass or more but less than 1 7% by mass of Cr, ^ -ss- ■.ra'- 

0.5% by mass or more but less than 3.0% by mass of Ni, and 



0.02% by mass or iess of N, 



45 



-, :so as to satisfy the following Expressions (1) through (4). r--, j- jmnp .voj.ri^M -ion'^rV' j-f^tyii :*rt 



50 



55 



12<Cr+Mo+1.5 SIS 17 . , ^ - . ^ 

1 S Ni+ 30(C + N) + 0.5 (Mn + Cu)<4 t ^ " - " ° l^ , . 
Cr + 0.5 (Nj + Cu) + 3.3 Mo ^16.0 
0.006 $C+N£ 0.030 



(1) 



(2) 



(3) 



(4) 
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wherein, the contents of C, N, Si, Mn, Cr, Mo, Ni and Cu are In % by nnass. 

10. The manufacturing nnethod for a high-strength stainless steel sheet according to Claim 9, wherein said composition 
further comprises at least one of: 

0.1% by mass or more bul less lhan 2.0% by mass of Mo, 
and 0.1% by mass or more but less than 2.0% by mass of Cu. 

1 1 . The manufacturing method for a high-strength stainless steel sheet according to any one of Claims 9 or 1 0, wherein 
said composition further comprises: 

0.0005% to 0.0050% by mass of B. 

12. The manufacturing method for a high-strength stainless st^e| sf?eet according to Claim 9, wherein said composition 
further comprises: . - f 

0.5% by mass or more but less than 2.0% by mass of Mo and 
. 0.0005% to 0.0050% by mass of B. 
with the range of C, Ai, Cr, and N, being further restricted to 
0.020% by mass or less of 0, 

0:1 0%^by mass'or less'of Al; " 



t1:,0% by mass] on.mpre 'b;i4 , less th^ 15.0% by mass of Cr, and - m J. 

if o:t)20% bi^ mass,orless;ofNji4 



■J 



and with said Expressions (1 ) through. (4) being replaced by the following Expressions (5) through (8),- 

„ • Z5 * ■ " — «« — *-» ~ - '^'V' -m. »^ ^ , . . ^ 



'■ l4.0:SCf -i Mo r:1:5iSi,<.15.0'T,:^^^^^^ : ^1 1: (5) 



a 



2.0 ^ Ni + 30 (C + N)Vo.6 (Mn..+.Cu).^.3.0>^^ I Q ^ ^ (6) 



5- 



0' Cr + 0v5NI + 3.3Mo> 16.0 3 (7) 



r*-. «\ 4. 



0.010^C+NS0.02 H (8) 



O 



whoroln, the contents of C, N, SI, Mn, Cr, Mo, NI and Cu arc in % by mass, t q 

wherein said material Is subjected to.ftnishing.heat treatment.of being.heate^djo a temperature within. a range 

of 900 to 1200*e and then cooled at a cooling rate. of 5*C/s or faster, ^ 

and wherein the composition of said high-strength stainless steel sheet is designed for excellent corrosion 

resistance and punching workability of weld^zpnes;/q ^.c ^ ^ 

13. The manufacturing method for a high-strength stainless steel sheet according to Claim 12, said composition con- 
taining less than 0.04% by mass of Cu. 

14. The manufacturing method for a high-strength stainless steel according to any one of Claims 12 or 13, wherein 
said steel sheet is a high-strength stainless steel sheet for rim material to be used for bicycles, unlcycies, carts 
using spoke wheels, tricycles, and wheelchairs. 

15. The manufacturing method for a high-strength stainless steel sheet according to any one of Claims 9-13, wherein 
said steel sheet is a hot-rolled steel sheet. 

16. The manufacturing method for a high-strength stainless steel sheet according to any one of Claims 9-14, wherein 
said steel sheet is a cold-rolled steel sheet. 
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